Experiments with lettuce seeds during the first hours of imbibition showed that oxygen is necessary to sustain high adenine nucleotide ratios and consequently, energy charge values are higher than 0.8 as is usually the case in normally metabolizing tissues. The origin of the energy-rich bonds needed for the biosynthetic work done by germinating seeds during the first min and h after imbibition is a question for debate (7, 9, 11, 15) . Some seeds have active fermentative metabolism even in air but 02 is always necessary to permit normal germination. In other seeds, such as lettuce seeds, ATP production from fermentation is very low (17 and unpublished results).
The origin of the energy-rich bonds needed for the biosynthetic work done by germinating seeds during the first min and h after imbibition is a question for debate (7, 9, 11, 15) . Some seeds have active fermentative metabolism even in air but 02 is always necessary to permit normal germination. In other seeds, such as lettuce seeds, ATP production from fermentation is very low (17 and unpublished results).
In the last 15 years, many improvements in the techniques for extracting mitochondria have permitted researchers to obtain from many plant tissues particles exhibiting very high respiratory control and P/O ratios close to the generally accepted theoretical values. To date, mitochondria extracted from dry or imbibed seeds before the protrusion of the radicle are loosely coupled and do not exhibit respiratory control (27) . In germinating seeds, as well as in many plant tissues, a significant percentage of the 02 uptake has been reported to be cyanide-insensitive (11) . Many authors have claimed that cyanide is unable to inhibit the germination of seeds (10, 25) and sometimes a stimulatory effect was reported (23).
These observations led to the hypothesis that an unknown metabolic pathway was operative until the deficient Cyt oxidase pathway was able to function fully (9, 11, 25) . Sometimes, the alternate cyanide-insensitive pathway was involved (for a review see 3) .
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Pradet (13) , demonstrated that cyanide at low concentration is a potent inhibitor of lettuce seed germination if volatility and chemical instability are controlled. This result was recently confirmed by Yu et al. (26) .
In vivo studies of adenine nucleotides during lettuce seed germination show that a high ATP level depends upon 02 (14, 15, 17) . From a comparison between the rate of ATP utilization and 02 uptake, Pradet (15) postulated that oxidative phosphorylation should operate during the beginning of germination. The experiments presented in this paper were done to obtain further evidence on the occurrence of oxidative phosphorylation in vivo during imbibition of lettuce seeds. The rate of energy-rich bond production was estimated from energy charge values (1, 17, 19, 20) . Anoxia, cyanide, and FCCP3 were used to limit ATP synthesis.
MATERIALS AND METHODS
Imbibition. Lettuce seeds (Lactuca sativa var. Reine de Mai, pleine terre) were immersed and agitated in water or solutions containing inhibitor for the required time at 20 C.
Anoxic Treatments. The presoaked seeds were placed on wet filter papers in stoppered beakers and gassed. The stoppered beakers were fitted as described by Raymond and Pradet (17) to kill the seeds under N2. The O2 content of N2 was controlled at the exit of the beakers as described before (17). The O2 partial pressure in N2 was lower than 10 Pa.
Killing, Sampling, Enzyme Inactivation, and Nucleotide Extractions. Metabolic activity was stopped by pouring cold diethyl ether (-100 C) into the beakers through a funnel. The nucleotides were extracted with TCA according to ref. 17 In Air. Figure 1 shows the 02 uptake of seeds soaked in aerated water at 20 C. After 10 min of imbibition, a significant respiration (1.8 nmol/100 mg dry weight) was measured. The 02 uptake of seeds presoaked at 0 C for 2 h is indicated in the same figure. After this treatment the increase of the respiratory rate was faster than in the control. The evolution of energy charge was also studied during the same experiment (Fig. 1 ). The energy charge values of dry seeds were low (about 0.2). When dry seeds were soaked at 20 C, the value of the energy charge did not change during the first 10 min, afterwards it increased to reach 0.8 at 30 min.
During preimbibition at 0 C, the level of the energy charge rose from 0.2 in the dry seed to 0.5. When the seeds were transferred to 20 C, the energy charge rose to 0.8 within 10 min (Fig. 1) . Whether imbibed at 0 C or 20 C, the respiratory rates were similar when high values of energy charge were reached.
As previously published (15), the respiratory rate stabilized after 2 h imbibition and increased only very slightly during the 18 h preceding the protrusion of the radicle. For this period of time the energy charge was higher than 0.9 (14) .
Under Anoxia or Cyanide. When the seeds were imbibed under Changes in respiratory rates (02 uptake) and energy charge during the first min of imbibition at 20 C. The dry seeds were presoaked: for 2 min in water with a Vortex (U), for 2 h in water at 0 C (0), for 2 min with a Vortex in the cyanide solution (A). Ten min were necessary to equilibrate temperature and to obtain precise measurements of 02 uptake. The time 0 was at the beginning of presoaking. The polarographic method described in the text was used.
N2, the value of the energy charge remained low (about 0.3) (Fig.  2 ). This value increased immediately when the seeds were transferred to air. A value higher than 0.8 was observed after 1 min.
Dry lettuce seeds were also imbibed in 5 x lo0 M KCN (Fig.  1) . In these seeds, a very low respiratory rate was observed (about 1 nmol 02/100 mg dry weight) after 30 min of imbibition. The respiratory rate of the control was about 10 times higher. The energy charge remained low (about 0.3) for 30 min.
Transition from Air to Anoxia or Cyanide. The kinetics of the drop in energy charge when seeds imbibed for 30 min were transferred to N2 is shown in Figure 3 . The energy charge dropped to 0.2 within 3 min and stayed at this value. When the seeds imbibed for 30 min in water were transferred to a mm KCN solution, the energy charge dropped quickly to 0.3 and stayed at this value (Fig. 3 ). After the seeds had been imbibed in air during various times between 15 min and 3 h they were transferred to N2 for 10 min. The energy charge always dropped to about 0.3 (Fig.  4) .
Effect of FCCP. The seeds were soaked in a 0.1 mm FCCP solution. Figure 2 shows that FCCP did not modify the rate of the 02 uptake during the first 2 h of imbibition. Then, a slight decrease was observed and later the respiratory rate was stabilized. Initially, the energy charge increased as observed in the control (Fig. 2) Seeds imbibed in aerated water for 6 h were transferred to FCCP solutions of various concentrations. The 0.1 mm concentration was the most effective in reducing the energy charge at a low value. Results shown in Figure 5 demonstrate the effect of 0.1 mM FCCP on the 02 uptake. A slight stimulation was observed after 1 h of treatment, after which the respiratory rate ramained stable. During this period, the 02 uptake of the untreated seeds increased slightly.
Variation of the Sum of Adenine Nucleotides during Early Times of Imbibition. It is apparent from Figure 6 that the sum of adenine nucleotides increased slowly from about 300 nmol/g in the dry seeds to a value higher than 600 nmol during the first 4 h imbibition. When the imbibition was performed in a 0.1 mm FCCP solution the level of E increased in the same way as the control during the first h. Afterwards, the level of E did not vary. 
DISCUSSION
It has been shown recently in both animal (1) Among other possible mechanisms, glycolysis might be involved in ATP production during germination. An active ethanol and lactate synthesis is observed in some seeds even under aerated conditions. Under anoxia, the synthesis of these compounds is more active and the energy charge of these seeds is also quite high: 0.8 in rice (16 and unpublished results) . In other seeds, such as lettuce, ethanol and lactate productions have not been detected in air and are very low under N2 (17). This correlated with the very low energy charge values (0.2 to 0. 3) found in this material under anoxia (5) . Thus, it appears that anaerobic metabolism in lettuce seeds is unable to produce a high percentage of the ATP synthesized during the early time of imbibition.
In this material, an O2 uptake and ATP synthesis were observed within a few min after imbibition. 02 was necessary to permit the (8) , FCCP acts unspecifically on membranes. It may affect not only energyproviding but also energy-consuming reactions at membranes. We tried unsuccessfully to inhibit 02 uptake and to lower energy charge using oligomycin, a more specific inhibitor of mitochondrial ATPase. However, we are unable to establish whether this inhibitor had indeed permeated the lettuce seeds. Oli8omycin was also reported to be without effect on the respiratory control of phosphorylating mitochondria isolated from early imbibed Arachis hypogea axis (27) .
The properties of the mitochondria extracted from peanuts by Wilso) and Bonner (27) have been used to argue against the occurrence of oxidative phosphorylation (9) (10) (11) during the first h of imbibition. The mitochondria were Cyt c-deficient. Cyt c is not tightly bound to mitochondria and it is possible that, in spite of the careful methods used, some modifications were induced during the preparation of these particles. Moreover, Wilson and Bonner (27) assert only that some regulatory mechanisms are lacking.
However, the mitochondria obtained by these authors do phosphorylate. Our results do not contradict their findings. It would be interesting to apply the in vivo methods used with lettuce seeds to other seeds and in particular the Arachis hypogea axis, from which mitochondria have been extracted and studied.
From our experiments, we conclude that as soon as water penetrates the lettuce seeds ATP synthesis starts and is linked to an 02-dependent cyanide and FCCP-sensitive mechanism which is probably the universal cytochromic electron transfer pathway.
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